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experimental investigation was conducted to determine the per-
. formance of twin-scoop side Wts located on the fuselage of a proposed

aircraft in a region of lsrge boundary-lsyer thickness. Inlet configu-
rations with subsonic and supersonic cowlings w~ch utilized two-

● dimensional compression ramps and ram-type scoops for boundsry-lsyer-
removal systems were investigated at free-stream Mach nmibers of O~
0.63, and 1.5 to 2.0.

Significant gains in pressure recovery with a slight effect on drag
were achieved by remming the entire boundary layer upstream of the
inlets. The decrease in effective boundary-layer remval caused by the
changes in the thickness of th& boun&my layer accounted for a large
portion of the losses in total pressure at eagles of attack.

Use of a sharp lip cowling penalized the pressure recoveries of
the inlet at take-off and at a free-stream Mach nmber df 0.63. At
free-stresm Mach numbers of 1.5 and 2.0 and at an angle’of attack
of 3°, the increase in drag of the 14° ramp inlet with a rounded lip
resulted in the equivalent of a 7 percent decrease in the ideal thrust
of a typicel engine.

m’IRoDucTIox’i

The pressure recoveries of side or sft inlets, which are usually
. located in a distorted flow field and in a region of toundary-layer

air, have been considerably lower than those obtained with well-designed
nose inlets (reference 1). The investigations reported in references 2

.
and 3 demonstrate that pressure recoveries comparable to those of
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well-designed nose inlets
boundary laYer sb=ad of a
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could be obtained by the removal of all the
half-conical spike inlet located in a uni-

form flow field. However, the application of these results to inlets
located in a nonuniform flow field and to inlets other thsn the conical.
tyq?ehas not been demonstrated.

A general side-inlet study was conducted in the IW2A Lewi~8- by
6-foot supersonic tunnel to determine the aerodynamic characteristics
of several types of supersonic side inlet with boundary-layer control
mounted in a distorted flow field on a proposed airplane fuselage. A ~

comparison of the performance of the inlet configurations investigated 8

is summsrized in reference 4. A detailed presentation of the results
obtained from the study of semicircular cowl inlets with two-dimensional

—

compression ramps is reported henein. The application of these results
to the inlet-turbojet engine matching problem is discussed in
reference 5.

The investigation was conducted through a range of angle of attack
fromOO to 12° at Mach numbers of 0, 0.63, smd 1.5 to 2.0. The Rey-
nolds number, based on the length of the fuselage ahead of the inlets,
was approximately 29x106 in the supersonic Mach number range. At a .

free-stre~ Mach ntier of 0.63, the corresponding Reynolds nwiber was
a~roximately 19X106. r
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symbols are used in this report:

model forebody drag coefficient based on meximum body cross- .

sectional area of 1.784 sq f%

forebody drag

engine net thrust

height of boundary-layer ram scoop

Mach number

mass flow

total pressure

pitot pressure
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static pressure

az@e of attack

boundary-layer thickness

Subscripts:

B

c

cr

msx

P
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boundary layer

canopy survey Station, station 67.5

Critical

maximum

lip plus ramp projected area

entrance to boundary-layer rsm scoop

free stream

diffuser entrance station

diffuser M.scharge station

APPM.4TUS AND PROCEBURE

severed.twin-scoop inlet configurations mounted on a one-fourth
scale model of the forward portion of a fuselage of a supersonic air-
craft were investigated. The inlet axes were canted down 2° with
respect to the fuselage sxis because of the estimated cross flow
effects at cruising condition in flight, angle of attack of 3°.
The inlets were located symmetrically about the vertical center
line in the upper quadrants of the fuselage, aft of the oblique shock
generated by the pilotrs canopy. A photograph and a schematic dia-
gram of the model, including representative cross sections, we pre-
sented in figures 1 and 2, respectively.

The s~circular scoop inlets reported herein utilized two-
dimensional compression ramps for deceleration of the air and ram
scoops, wMch spanned the inlets, for removal of the boundsry-lay~
air. The air entering the tin inlets was diffused through two
separate and identical ducts. The boundary-layer air likewise flowed
through two separate and identical constant-area ducts which changed
from a nesrly rectangular cross section at the entrance to a circulsr

3
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cross section at the exit (see fig. 2). Schematic diagrams of the
inlets designed to operate at a flight B@ch number of 2.0 are shown in
figure 3. A notation system consisting of two numbers and a letter
will be used herein for the”discussion of these inlets: (1) ansngle
to designate the remp angle, (2] an R or S to designate either a
rounded subsonic cowl lip or a shsrp supersoniccowl lip (figs. 3(b)
and 3(c)), and (3) a number indicating the height in inches, of the
boundary-layer ram scoop. JThe letter O (for open following the SCOOP

height h indicates that approx~*elY 2* ~hes of the sides of the

rem scoops, aft of the leading edge of the ramp, were removed for
inlets with a scoop height of 0.44 inch or thqt appro-tely 5 inches
‘ofthe ram scoop sides were removed for inlets having a scoop height
of 0.80 inch.

Inlets having remp angles of 6°, 13°, and 14° were investigated.
The inlet configuration 13°-R-0.44 shown in figure 3(d] was designed
from subsonic ccmsiderations. Its ramp had an initial slope of 13°
for a distance of 1 inch and then curved into the m.ibsonicportion of
the diffuser. The ramps of the other inlets were linear to the plane
of the cowl lip. Inlets 14°-R-0.80(0) and 14°-S-0.80(0) shown in fig-
ures 3(f] end 3(g], respectively, had a scoop height of 0.80 inch
which, due to model construction limitations, was obtained by moving
the rerupleading edge forward.2.375 inches. .The su ersonic cowling of

1inlet 14°-S-0.80(0) (fig. 3(g)) was moved forward 1~ inches to inter-

cept the oblique shock emanating from the leading edge of the r-. A
photograph of the 140-S-0.80(0) inlet is presented in figure 4.

The 14° and 6° ramps were used to simulate two positions of a
variable-geometry type inlet (reference 5). The ramps were faired to
the existing floor of the Mffuser eft of station 74.75. The internsl
area variations of the inlets are presented in figure 5.

The mass flows through the inlets and the boundary-leyer ducts
were varied by means of remotely controlled plugs attached to the model
sting. A three component strain-gage balsnce which measured the
internal duct forces, fuselage drags, and model base forces, but not
the forces acting on the plugs, was used to determine the drag char-
acteristics. The drag presented is defined as the internal thrust
developed, minus the strain-gage balence force, minus the base force.
The thrust developed is the change in momentum of the air passing
through the inlets from the free streemto the tiffuser exit (sta-
tion97.250f fig. 3(a]). Base forces were ccmputed by obtaining the
base area and the average base pressures from13 static-pressure
orifices located on the base of the model (section E-E of fig. 2].

●
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.
Instrumentation in one of the two inlet ducts included 3 inlet

rskes with 12 to 24 total-pressure tubes, located approximately 3 inches
* behind the cowl lip, from which the average total pressures at the

entrance of the inlet were evaluated by an area weighting method. The
cliffuser discharge stations of both inlet ducts were instrumented with
8 wall static orifices and 8 radisL rakes located at 45° intervals and
consisting of 33 total-pressure tubes located at the centers of equal
areas. The tistrumentation at the exit of.boundary-layer ducts con-
sisted of 4 equally spaced radial rakes tith 9 total-pressure tubes and
4 wall static orifices. The average total pressures at the diffuser
and boundary-layer-duct discharge stations were also determined by an
area weighting method and were used to calculate the mass flows based
on a choked exit at the control plugs. The mass flow ratios of the
inlets presented herein are based on the mass flows computed for the
inlet duct with instrumentation at only the diffuser discharge station.
Flow conditions upstream of the inlets (station 67.5] were surveyed
by meams of 5 wall static orifices and 5 reinovablerakes, each hating
7 total-pressure tubes and each projecting 3 inches from the csnopy
surface.

The investigation at a Mach number of 0.63 was conducted by oper-.
sting the tumnel m.ibsonically. For simulating t*e-off conditions,
inlet air was induced by attaching the model to the tunnel exhauster

1 equipment.

~ch of the experimental data were obtained at an augle of attack
of 3°, which was selected as the cruise sngle of attack of the wadel.
Since the axes of the inlets were canted dowm 2° with respect to the
fuselage axis, the inkts were at an angle of attack of 1° with respect
to the free stream. A survey of the flow deflection approximately
1 inch upstream of the leading edge of the remp indicated that the
esthated average flow deflection angle for an angle of attack of 3°
at a free-stresm I&ch number ~ of 2.0 was 1° 34’ with respect to
the inlet center IAne. The flow deflections were obtained by use of
two wedge bars of 8° half sngle, each having two impact tubes and two
static-pressure orifices. Schematic diagrams of the wedge bar instal-
lation as well as a summsry of the survey are shown in figure 6. The
canopy Mach nuder ~ tabulated in figure 6 is the average hch num-
ber obtained from the two total-pressure tubes and static-pressure
orifices.

An additional survey of the flow conditions on the csnopy at sta-
tion 67.5 was conoucted to detemine the thickness of the boundary
layer ahead of the inlets. The results of this study are -presented

. in figure 7 as lines of constant total-pressure recoveries for ~
of 2.0 and 1.5 at an angle of attack of 30. The static pressures on
the canopy suxface were obtained with the canopy rakes removed and

. were assumed to be constant 3 inches from the canopy surface. ,Using
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these static pressures and the measured pitot pressures, the canopy
hch nunibers ~ were estimated and the pressure ratios PC/Po were

computed. The assumption of constant static pressures yielded pressure ●

recoveries PC/Po greater than unity outside the boundary layer. How-
ever, the boumdsry-layer thicknesses were not appreciably effected.
The representative canopy Mach nunibers I& obtained from the survey
are listed in the fo3d.owingtable:

_wi.-
The boundary-leyer thictiess 8, which is indicated by the dashed

Une, was esttitedto be 0.80 inch at ~ of 2.0. This value of the
boundary-layer thickness a~ees closely with the approxbnation obtained
from the flat-plate thmry reported in reference 6.

The mass flow ratio, totsl-pressure recovery, and drag character-
.

istics of the vsrious inlets investigated were obtained at a constant
bleed flow required for cooling purposes and equal to 0.1 of the rated
flow of engine B discussed in reference 5. The bleed flow ratios

L

reported herein are expressed as (ms/~]B) the ratio of the mass flow

of boundary-layer air entering the ram scoop to that which could be
handledby the ram scoop, based on the boundary-layer profiles obtained
from the cenopy survey and the area of the rem scoop.

For the range of diffuser discharge Mach
pulsing was observed for any of the inlets.

number investigated,

DISCUSSION

Supersonic Mach Number Range

13°-R-0.44 inlet. - The aerodynamic characteristicsof the

no

13°-R-0.44 inlet are presented in figure 8. Also presented in figure 8
are the constant bleed flow ratios (ms/mc)B as w= = the ~-~
mass flows that could enter the inlet. These maximum mass flows were
determine?lfrom the canopy flow conditions. The mass flow ratio m2/~,p

is defined as the ratio of the mass flow passing through the inlet to
the mass flow in a free-stream tube area equal to the sumof the lip
and compression remp projected areas.

.
—

.
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Decreasing ~ resulted in slight increases in minimum total drag

a coefficiat. For my given Mo, the drag increased ae the inlet was

operated subcritically, which was caused primarily by the additive drag.
The pressure recoveries P2/PO obtained were comparable to those of

configuration B of reference 7, which was essentially a 1/20 scale
version of the 1.3°-R-0.44inlet tested in the Ames 8- by 8-inch super-
sonic tunnel. However, the pressure recoveries were considerably lower
than those of well-designed nose inlets. These low recoveries were
attributed to the boundary-layer air entering the inlet and to the
reacceleration of the flow along the curved surface of the ramp.

140-R-O.44 inlet. - To investigate the effect of the reacceleration
of the flow ahead of the inlet, a linear 14° compression rap was
installed. The performance of the 140-R-0.&l inlet is presented in
figure 9. me minimum drags of the 14°-R-0.44 inlet were appreciably
higher thsn those of the 13°-R-0.44 inlet. A comparison of the critical
mass flows of the two inlets indicated approximately 15 percent more air
spillage for the 14° rsmp inlet and therefore an increase in additive
drag. The higher spillage was associated with the increase in the
internal contraction ratio from 1.10 to 1.21. Some internal contraction.
is inherent in the use of rounded lip inlets. The pressure recoveries
at any M2 near critical flow, however,’were significantly improved

a for all Mo but were still well below the vslues obtained from well-
designed nose inlets.

Because the pressure recovery of a side itiet depends on the quan-
tity of boundary layer removed shead of the inlet (reference 2), the
bleed flow of the 14°-R-0.44 inlet was vsried tile the position of the
-t plug of the inlet was fixed at M2 of 0.255. The variation of
the inlet characteristics with bleed flow ratio (ms/mc)B at. ~
of 2.0 is presented in figure 10. Increasing the bieed flow ratio from
0.23 to 0.78 resulted in an increase in pressure recovery from 71 to
77 percent. The mass flow of the inlet also increased with increasing
bleed flow while the totsl drag coefficient remained essentially con-
Stsmt. Because of the choking in the constant area duct, the ram scoop
could operate at a maximum bleed flow ratio of only 0.78.

Since the increased bleed flow removal ahead of the inlet increased
the pressure recovery of the inlet, the sides of the ram scoop of the
14° ramp inlet were removed so that the ram scoop could.operate only at
a bleed flow ratio (%/mc)B of @ty” Also, when the rsm scoop sides
were removed, the .boundary-layerair not required for cooling was able
to spill around and aft of the inlet. The corresponding changes of the

. air flow pattern into the ram scoops sre shown in the schlieren photo-
graphs presented in figure Il. Removal of the sides eliminated the sub-
critical operation of the boundary-layer ducts shown in figure n(a)..
The shock thickness in the photographs was causedby the fact that the
inlets were skewed to the plane of the schlieren mirrors.
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14°-R-0.44,(0]inlet. - ‘Theperformance of the 14°-R-0.44(0) inlet
.

is presented in figure 12. Removal of the scoop sides slightly increased ‘-
the pressure recoveries at all free-stream Mach numbers and also the -

● –

mass flows of the inlet m2/~,p. The drags, however, did not change

significantly from those of the 14°-R-0.44 inlet.

14°-R-0.80(0) inlet. - In an attempt to improve the pressure
recovery, the boundsry-layer ram scoop height h was increased to
0.8 inch to obtain h/5 of 1.0, and the sides of the rem scoops were

fremoved from the 14° ramp inlet so that (mg/~]B = 1.0. A Scnieren

photograph of the 14°-R-0.80(0) inlet (fig. 13) indicates that the
entire boundary layer passed through the ram scoop. ‘l?hechsracteri.sties
of the 14°-R-0.80(0) inlet sre presented in figure 14. A comperisbn
with the 14°-R-0.44(0) inlet (fig. 12) indicates that at the critical
flow condition comparable pressure recoveries were obtained at Mo
of 2.0, but that a slight gain was realized at Mo of 1.5. In the sub-
critical flow range, however, significant gains in pressure recovery
were obtained with complete boundary-layer removal. The increase in
the critical mass flows of approximately 6 percent at ~ of 2.0 and
7 percent at ~ of 1.5 over those of the 14°-R-0.44(0) inlet is asso-
ciated with the decrease in the internal contraction ratio of the

.

14°-R-0.80(0) inlet. Increasing h/b to 1.0, however, did not appre-
ciably effect the minimum tota3 &rag coefficients. L

A comparison of the characteristics of the 14°-R-0.80(0) inlet wtth
those of the 13°-R-0.44 inlet (fig. 8) indicated that at critical flow
conditions an approximate 10 percent gain in pressure recovery was
obtained at ~ of 2.0 at the cost of a 41 percent increase ia total
drag coefficient of the model.

6°-R-0.80(0) inlet. - A 6° ramp angle was selected to simulate the
rsmp position of a variable geometry turbojet inlet operating at ~

of 1.5. Characteristics of the 6°-R-0.80(0) inlet with h/t5 of 1.0 are
shown in figure 15. A comparison of the 6°-R-0.80(0) inlet with the
14°-R-0.80(0) inlet (fig. 14) indicates that comparable pesk pressure
recoveries were obtained at I@ of 1.5, bat a higher peak pressure
recovery was realized with the 14°-R-0.80(0) inlet at ~ of 2.0. For
critical flow conditions, a slightly higher recovery was obtained with
the 6°-R-0.80(0) inlet at both ~ of 1.5 and 2.0. The total drag
coefficients of the 6°-R-0.80(0) inlet were considerably lower than
those of the 14°-R-0.80(0) inlet because of the decrease in air spillage
obtained with the lower internal contraction ratio of the 6°-R-0.80(0)
inlet (fig. 5). .

14°-S-0.80(0) inlet. - Since the drag with a subsonic lip is rela-
tively high, the sharp lip inlet 14°-S-0.80(0) was desi~ed and
investigated to determine the magnitude of the tiag penalty with a

wii!-
.,. -.
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.
subsonic lip inlet and the effect of the lip shape on the pressure
recovery. The characteristics of the 14°-S-0.80(0) inlet (h/5 = 1.0)

. are presented in figure 16. For all.the free-stream Mach numbers, pres-
sure recoveries comparable to those of the 14°-R-0.80(0) inlet (fig. 14)
were obtained, but the total hag coefficients decreased to values
slightly lower than those of the 6°-R-0.80(0) inlet (fig. 15). This
decrease in drag was primarily causedby increasing the critical inlet
mass flow by eliminating the internal contraction associated with the

N subsonic lip. hst of the air spillage obtsined with the sharp lip
~
P inlet was due primarily to the two-dimensional ramp and shock configu-

ration ahead of the three-dimensional semicircular cowl. However, a
relatively small part of the spillage resulted from the flow detachment
at the cowl lip. The spillage is shown qualitatively in the schlieren
photograph presented in figure 17.

- To compare the inlets investigated, a thrust

pum~~de~ can be selected for a particular installa-

tion. For this purpose, a turbojet engine (engine B of reference 5)
operating in the tropopause and having pressure ratios of 1.42 and 1.87
at Mo of 2.0 and 1.5, respectively, was selected as the power plent.

. The analysis assumes an afterburner temperature of 3900° R and a reex-
panding nozzle and that the inlet and diffuser dischsrge areas couldbe
adjusted to provide the necesssry engine air flow at the required dif--
fuser discharge Mach number.

The variationof the diffuser discharge Mach number M2 with the
ttiust P~meter (Fn-D)/Fn,ide~> which iS defined as the ratio of the
thrust developedby the engine at the experimentally determined pressure
recoveries minus the forebody drag to the thrust developed by the engine
at a pressure recovery of 1.0, is presented in figure 18. At ~ of 1.5
sad at sm sngle of attack of 30, the lowest value of peak thrust psmam-
eter (0.618) was obtained with the instsJLation utilizing the
14°-R-0.80(0) inlet. Use of the 14°-S-0.80(0) inlet-engine combination
increased the peak value of the thrust peremeter to 0.696, which was a

12~ percent improvement over that of the 14°-R-0.80(0) inlet installa-

tion. Since the pressure recoveries of the 14°-R-0.80(0) and the
14°-S-0.80(0) inlets were comparable, the gain inyerformance was
attributed to the lower drag of the sherp lip inlet. This decrease in
drag represents a 7 percent increase in the ideal engine thrust.

With the 6°-R-0.80(0) inlet-engine conibination,”thepeak value of
the thrust paremeter was 0.691. However, a comparison of the perform-
ance of the 6°-R-0.80(0) inlet installation with those of the 14° ramp

. configurations should not be made on the basis of the data presented in
figure 18(a) because of the significant change in drag which results by
scaling the 14° ramp inlets to a size that would satisfy the breathing

. requirements of the engine operating at an ~ of 1.5. This change in
drag was not included in the data shown in figure 18(a),
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At ~ of 2.0 (fig. 18(b)), the perforniancesof the inlets @roved
considerably by increasing the boundary-layer removal. Included in fig-
ure 18(b) is the thrust parameter of the 13° ramp inlet with h/5 of O

.

(designated13°-R-0). The contitfonof h= Q was o~t~nedb Ythe use
—

of fairings from the canopy surface to the boundary-layer ram scoops.
The lowest thrust minus drag was obtained wi~h the 130-R-0 inlet. The
130-R-0044 fflet fn~t~atfon @roved the performance by app3?OXhdd.y

17 percent. Changing the ramp angle to 14° resulted in an insignificant
gain in peek thrust minus drag. In this c-e, the gain in thrust due
to the increase in pressure recovery was approximately equal to the

A

increase in spi12.agedrag resulting from the higher internal contraction. 3

S@ilarly, using the 14°-R-0.44(0} inlet resulted in a negligible increase
ti performance over that of the 140-R-0.44 inlet-engine combination. Use
of the 14°-R-0.80(0) inlet, however, resulted in a 21 percent increase
in peak thrust minus drag over that of the 14°-R-0.44 inlet installation
and a 24 percent gain over the 3.30-R-0.44 inlet, thus indicating that
the 41 percent increase in model drag is nmre than compensated for by
the 10 percent gain in pressure recovery of the 14°-R-0.80(0) inlet.

A comparison of the pesk values of the thrust parameters of the
140-R-0.80(0), the 60-R-0.80(0), and the 14°-S-0.80(0) inlet-engine .
combinations indicates that the 14°-S-0.80(0) inlet installation per-
formed approximately 15 percent and 9 percent better than did the
14°-R-0.80(0) snd the 6°-R-0.80(0) inlet instd.latio~j respectively.

.-.

These improvements in performance are attributed to the iower drags of
the 14°-S-0.80(0) inlet. The decrease in drag of the shsrp lip inlet
represents a gain of 7 percent and 1 percent in ideal engine thrust over
that of the 14°-R-0.80(0) snd the 6°-R-0.80(0~ inlet-engine conibinations,

..-

respectively. The thrust minus drag of the 6 -R-O.80(0) inlet instal-
lation was approximately 6 percent ~eater than that of the —
140-R-O.80(0) itiet installation because of the lower additive *g of
the 6° ramp inlet.

Breakdown of pressure losses. - Since the pressure recovery is
relatively more important than the inlet drag in evaluating the perform-

—

ante of = inlet operating near the critical point, a breakdown of the
flow process was made to determine where the pressure losses occurred.
Figure 19 presents the variation with mass flow ratio at ~ of 2.0
of the losses ahead of and behind the inlet measuring station for inlets
having a subsonic cowl and for various smounts of boundexy-lsyer removal.
me mass flow ratio m2/mcritical is the ratio cf the mass flow entering
the inlet to the critical mass flow of the inlet. The 130-R-0 inlet had
the highest entrance losses (fig. 19(a)) because of the high shock
losses and zero boundsry-layer removal. Increasing boundary-layer
removal to I@ of 0.55-decre~ed the entrance losses at

.
‘2/mcr of 0.95

from O.36 to 0.255. Eliminating the reacceleration of the main stream
by replacing the curved compression ramp @th a linear 14° ramp #— .
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(h/6 = 0.55] reduced the entrance losses from 0.255 to O.Il. Removal.
of the entire boundary layer ahead of the 14° ramp inlet did not appre-.
ciably affect the losses at ‘~mcr of 0.95. However, at lower mass

flow ratios, a significsat decrease in total-pressure losses was
realized. Since the shock losses of the 6° remp were higher than those
of the 14° ramp, higher entrance losses were obtained with the
E!P-R-O.80(0}inlet thsm with any of the 14° rsmp inlets.

IN
*
CD
P

The losses aft of the inld measuring station ~1-2/pO~ ~ich ~e
shown in figure 19(b), slso decreased with increasing h/5. By increas-
in

3

h/5 from O to 0.55, the losses of the 13° ramp inlet at

m %r = 0.95 were reduced from 0.08 to 0.05. The losses of the 14° ramp
inlet with h/5 of 0.55 were decreased from 0.17 to 0.14 by removing
the sides of the rem scoop. Increasing h/b to 1.0 resulted in a
reduction of the losses to 0.06. The 6°-R-0.80(0) inlet experienced
the least losses aft of the inlet measuring station. These losses)

~~.Jpo) were apparently dependent on the geometry of the diffuser and

the quantity of boundary-layer air entering the inlet.

The exit tota3-pressure contour nps of the inlets at a diffuser.
discharge Mach nwiber M2 nesr the peak thrwt minus drag condition>
which sre presented in figure 20, show the nonuniform flow pattern at

- the diffuser discharge station. The high pressure regions for each
inlet were found between the 1 o’clock and 3 o’clock positions, which
correspond to that psrt of the inlet farthest from the body and the
compression ramp. The low energy air was located in the region between’
the 4 o~clock and 10 o’clock positions and coincides with the surface
which had the initial boundary layer and with the surface which had the
greatest curvature in the subsonic diffuser (see fig. 3(a)). A low
energy region existed for the conditions of complete boundary-layer
removsl ehead of the 14°-R-0.80(0) inlet (fig. 20(c)). A comparison of
the high and low pressure regions in figure 20(c) illustrates the effect
o? curvature in the subsonic diffuser even though a12 surfaces had little
or no boundary layer at the &trance of the inlet. However, the general
level of the total pressures was appreciably higher for the condition of
complete boundary-layer removal (fig. 20(c]] than for the condition of
incomplete removal (fig. 20(b)).

Angle of AttWk

The characteristics of the 14°-R-0.80(0] inlet at Mo of 2.0 for
the angle of attack range sre presented in figure 21. The absolute

. values of the drag at angles of attack include the drag due to the
fuselage normal force smd as such are not directly applicable to the
inlet except to indicate the magnitude of the additive drag at sngles

.
of attack.- Figure 21 shows tha~ the loss in pressure recovery from 0°
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to 9° was slight.
in a large drop in
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Increasing the angle of attack from 9° to 12° resulted
pressure recovery. The other inlets investigated

exhibited simi~ar characteristics and the data are tabulated in table 1.

An explanation of the insensitivityy of the inlet pressure recovery
at angles of attack up to 90 is provided by the pressure survey on the
canopy ahead of the inlets. The results of the survey presented in fig-
ure 22 are plotted as contour lines of constant pitot pressme ratios
and estimated boundsry-layer thicknesses 5 (dashed line) for the range
of angle of attack at a free-stream Mach number of 2.0. The maximum
boundsry-lsyer thickness at 0° angle of attack wss located at the bottom
corner of the inlet. Increasing the angle of attack resulted in a shift
of the maximum boundary-layer thiclmess to the top of the inlet because
of the cross flow effects. However, the average boundary-layer thickness
across the inlet did not increase significantly as the angle of attack
was increased to 9°. Increasing the angle of attack to 12° resulted in a
large increase in boundary-layer thickness and a breakdown of the flow
at the top corner of the inlet. It appears that at an angle of attack
of 12° the separation lobes reported in references 8 and 9 for bodies
of revolution were definitely delayed for this fuselage shape because
of the effecttve streamline cross section ahead of the inlets in the
cross flow direction. It is therefore believed that the large decrease
in pressme recovery from 9° to 12° angle of attack was associated with.
the effective decrease in h/~u (reference 2).

The decrease in pressure recovery at s.nglesof attack due to the
decrease in effective boundsry-layer removal has been estimated and is
shown in figure 23 as the variation with angle of attack of the ratio
of the pressure recovery at any angle of attack to the pressure recovery
at an angle of attack of 3°. The reference curve, which represents the
loss in pressure recovery due to incomplete removal of the boundary
layer, was obtained from a plot of the effect of h/5 on the pressure
recoveries of the 14° rounded lip inlets without ram scoop sides at an ,
angle of attack of 3° and by estimating the effective h/~ of the

inlets at angles of attack, based on the data shown in figure 22. The
recoveries used in figure 23 were those at the diffuser discharge Mach
number obtained at en angle of attack of 3° for the peak thrust minus
drag condition. The pressure recovery of the 14°-S-0.80(0) inlet was
more sensitive to changes in angle of attack than was that of the
14°-R-0.80(0] inlet. It is also evident from figure 23 that at angles
of attack, a large part of the losses in total-pressure recovery was
due to the decrease in effective h/5mu. —

The effect of angle of attack on the exit contour maps of the
14°-R-0.80(0) inlet is presented in figure 24. At 0° angle of attack,
the high-pressure re@on was found to exist at the outboard side of the
inlet which was free of boundary-lsyer air. Increasing the angle of
attack resulted in a movement of the high and low pressure fields in a

—

,

.—

—

.
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.

counterclockwise direction. At an angle of attack of 6°, the high and
low energy regions were found essentially at the same locations as

- those at an angle of attack of 3°. At angles of attack of 90 and 120,
the low pressure fields were located k a region (between the 2 o’clock
and the S olclock posltlons) that corresponded to the bottan corner of
the entrance section and the surface having the greatest
(fig. 3(a)).

,
Subsonic Mach Nuniberof 0.63

The pressure recover’yand mass flow characteristics
14°-S-0.80(0) inlet at a free-stream Mach number of 0.63
in figure 25. The maximum mass flow ratio of the inlet,

curvature

of the
are presented
1.090, which

is based on the minimum area of the inlet, is appro~tely 6 &rcent
lower than that theoretically possible. The decrease in mass flow ratio
is attributed to the effects of the veua contracta which forms at the
lip of the inlet. As would be expected, high losses in pressure recovery
occurred when the sharp lip inlet was operated at mass flow ratios
greater thsnunity. These characteristics indicate that if the power
plant used with this inlet requires mass flow ratios greater thau 1.090,
auxiliary intakes till be necessary to avoid severe performance
psnslties.

.

Static Conditions, Mach Number of O

The 140-R-0.80(0), 60-R-0.80(0), and 14°-S-0.80(0) inlets as well
as a 6°-S-0.80(0) inlet were tested at Mo of O to stiulate the take-
off conditions. The variation of the inlet pressure recovery with dif-
fuser discharge Mach nuniberis presented in figure 26. Higher pressure
recoveries were obtained with the rounded-lip inlets than with the sharp-
lip inlets. l?hepressure recoveries of the sharp-lip itiet aho
decreased faster with increasing M2 than those of the rounded-lip
inlets. As wouldbe expected, the 6° ramp configurations had higher
pressure recoveries than the 14° ramp inlets because of the lower
entrsmce velocities of the 6° ramp inlets reeulting from the larger
minimum areas.

SUMMARY OF RRWLTS

The results of the experimental investigation of side inlets
with semicircular cowls utillzing two-dibuensionalcompression ramps and

. boundary-layer removal and mounted in a distorted flow field on a pro-
posed airplane fuselage are:

.
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1. Increasing the amount of boundary-layer removal ahead of the
14° r- inlets resulted in a substantial gain in pressure recovery with
a slight effect on drag. With a typical engine operating at a free-

.

stream Mach bumber of 2.0, the increase in pressure recovery of the
14°-R-0.80(0) inlet over that of the 14°-R-0.44 inlet represented a
23.percent gain in the thrust minus drag.

2. The change in boundary-layer thickness ahead of the compression
ramp largely accounted for the loss in totsl pressure at angles of
attack. $

3. At an angle of attack of 3° and a free-stream Mach number of 2.0,
an improvement was realized in the performance of the 14°-S-0.80(0) inlet
over the performances of the 6°-R-0.80(0) and the 14°-R-0.80(0) inlets
because the drags of the sharp lip inlet were lower than the drags of
the rounded lip inlets, whereas the pressure recoveries of the three
inlets were comparable. The higher drags of the rouded subsonic lip
inlets resulted from the inherent internal contraction which caused
excessive air spillage and a detached shock at the cowl lip. At a free-
stream Mach number of 1.5, the increase in drag of the 14°-R-0.80(0) inlet
penalized its performance. However, the rounded subsonic lip inlets per-
formed much better than the sharp lip inlets at the tske-off conditions.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Ohio
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Free-stream U6ch number MO, P.0
~r-stream .M.oh number

140, 1.5

13°-R4 .44 inlet ~40*_o . *1 ~,

K? %@o %/%,p CD %? wpo !#@o,r

An

m
D.466 0.606 0.403 0.0fJ99 O.S26 0.665 0.673

Anl

Am

II
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m

III
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.la70 .326 .566 .596
.S13al .22-4 .ff19 .36s
.2220 .224 .635 .522
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t I 14°-R.0.44(0) met 140-s-0. 80(0 ) Inlet
I

6°-i&0.6z3(0) inlet

% %2 %@o mdw, co m~ P.#Po +%, Cg Jl~ P#Po •~~, CD

t of attack a, 0°

a
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m
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.1446. .2a3 .749 .676 .1*58 .2a2 .772 .935 .1060 .501 .961 .672 .lsae
,1426 .255 .770 .631 .1362 .235 .a~s .200 .Ue!l .267 .96a .s06 .1726
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.19s4 .327 .624 .63s .2)17 .,262 .700
.=’54 ;~ .67a

.64a .la87 .301 .639 .&a
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.22a5
.2064 .255 .729 .s04 .1631 :;g .644 .564 .2U3

.567 .562 .212a .228 .7X7
:= .ZEa .662 .504

.745 .la36 .M1 .423 .2641
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IMgure 1. - Photographof model rotated 56°.
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(a)Cross-sectional view of inlet.
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Figu.r’= 3. - Inlet,configuratlons designed ta operate at free-st- llachnumber of 2.Q.
(All dimen.lom are in inches.)
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Inlet flow ap&mach angle 17 and Mmh number Mm determined

from canopy wedge bar hetmmentatlon-
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installed on campy surface wedge bar

, F@um 6. - Flow aefmotkm fmghe wad of lefi inlet. (All.Mmenfllmle are in Inches.)
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Figure 10. - Effect of bleed flow on aero-
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at’angle of attack of 3° and free-stre~
Mach number of 2.o. Diffuser dischargeMach
number, 0.255.
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(a)14°-R-0.44Inlet

(b) 14°-R-0.44(0) inlet. ~
- C-28984

Figure 11. - Sohlierenpho@raphs d 14°roundedlipin~e+ma%free-8treamMachnumberof
2.0andangleofattackof3°. Dlffuaercli.eoharge”Mmh number,”O.2~5.
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Figure12. - Aerodynamiccharacteristicsof 14°-R-Q.44(Q)wet for rangeof free-stream
Machnumberat angleof attackof 3°.
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of free-streamMach number at angle of attackof 3°.



34 NACA RM E52E02

.

.

., -

Figure 17, - SohllerenphotographLXP14°-S-0.80(0)zwnp inletwith extendedsupersonlo
oowllngat free-streamMaoh number of 2.0 and angle of attack of 3~. D5ffuaer dl8-
chargeMoh nwnber, 0.255.

.>..,.

2?
co
r

.

.

.—



NACA RM E52E02 35

.8

.

.

.6

.4

.6

.4

.2

.1

.

.

.

Configurationh/6
O 130-R-0 o
❑ 13°-R-0.44 .55
0 14°-R-0.4& .55
A 14°-R-0.44(0) .55

‘V 14°-R-0.8Q(0)1.0 -

..

(a) ~, 1.5.

,18 .22 .26 .30 .34 .38 .42
Mffuser discharge Mach numberj M2

(b) ~, 2.0.

Figure 18. - Thrust parameter of inlet-engine combination at angle of attack of 3°.
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●

.—

.

.



. .

, z 2481

mumrwPc’/Po-!J.W

(a) ).wle of attack, OO. (h) An@. of attack,SO. [.~ ..-1. of ni+m”k.4

4 .17 ~ ~

3

-\

!

’17 Y

z .17

(d) An..sb0f @taQk, @. ‘“ (e) Angle ofattack, &. “’

?Ix 22.-PltdlmsmraaurvmyUP- OfUB fOr?awO.fEu@kO,f.th?kEtfMC-ObI-M!mh -r Of 2.0.

,.
1 ,

9 ,

‘P.



NACA RM E52E02

.

.

I Inlet

v 14°-R-0.80(0)

‘- Reference

o 3 6 9 12
Angle of attatik,-a,iieg

Figure 23. - Effect of change in boundary-layer thickness on total-pressure
recovery at angles of attack and at free-stream Mach.number of 2.0.
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(b) Angle of attack, 6“J
messflow ratio, 0.706.
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F@U1-e 24. - Exit total-pressure contour maps of 14°-R-0.60(0) hlet for range of angle of attack
at free-stresmMachnumberof 2.0. DiffuserdiechargeMach number, O.2S5 (view loddng aft).
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F1.gure25. - Aerodynamic characteristics of 14°-S-0. S0(0)
inlet with extendedsupersoniccowlingat free-stream
Mach numberof 0.63 and angle of attackof 30.
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Figure 26. - TWal-pressure recoveriesof inlets with supersonicsmd
subsoniccowlingsat free-stresmMach number of O.
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